Background: Previously, most dengue cases in Singapore were hospitalized despite low incidence of dengue hemorrhagic fever (DHF) or death. To minimize hospitalization, the Communicable Disease Centre at Tan Tock Seng Hospital (TTSH) in Singapore implemented new admission criteria which included clinical, laboratory, and DHF predictive parameters in 2007.
Introduction
Dengue is a mosquitoborne disease endemic to most tropical and subtropical countries. It encompasses a wide range of symptoms, ranging from dengue fever (DF) to the more serious forms of dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) using WHO 1997 criteria. 1 In 2009, the WHO proposed classifying dengue as with or without warning signs and severe dengue. 2 In Singapore, the annual incidence of reported dengue cases has increased despite a decrease in the mosquito premises index because of several postulated factors, including waning herd immunity and disease transmission outside the home. 3 Although reported DHF cases are few (1.8 -2.8%), 4 -8 78-83% of cases from 2000 to 2004 were hospitalized. 4,9 -11 Hospitalization for i.v. fluid when dehydration is equivalent to more than 10% body weight was recommended by WHO in 1997. 1 The new admission criteria proposed by WHO in 2009 included warning signs of hypotension, bleeding, organ impairment, rising hematocrit or pleural effusion or ascites or gallbladder thickening, comorbidities and social circumstances. 2 There are few studies that evaluate dengue admission criteria. In Malaysia, young adult dengue patients without a history of bleeding, blood pressure .90/60 mmHg, platelet count .50 000/mm 3 , or hematocrit ,50% were safely managed as outpatients. 12 In Singapore, adult dengue patients were safely treated as outpatients if the following criteria were met: age ,60 years, non-immunocompromised status, no significiant comorbidities, good social support, ability to tolerate oral fluids, ability to attend the clinic daily, platelet count .50 000/mm 3 , # Royal Society of Tropical Medicine and Hygiene 2012. All rights reserved. For Permissions, please email: journals.permissions@oup.com This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/ by-nc/3.0/), which permits non-commercial reuse, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com.
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Trans R Soc Trop Med Hyg 2013; 107: 37-42 doi:10.1093/trstmh/trs009 hematocrit ,49% (male) or ,43% (female), and absence of confusion, severe abdominal pain, bleeding or shock. 13 We aimed to evaluate new admission criteria implemented at the Communicable Disease Centre, Tan Tock Seng Hospital (TTSH), Singapore, in March 2007 to determine their efficacy in reducing hospitalization. We compared inpatient and outpatient populations before, during and after the criteria were implemented to establish whether hospitalized and ambulatory cases were triaged appropriately without adverse consequence. The cost savings due to reduced dengue hospitalizations were determined.
Methods

Study population
Our study cohort comprised all laboratory-diagnosed dengue patients identified from the hospital microbiology laboratory who were treated using a standardized dengue clinical care path in the Communicable Disease Centre, TTSH, from January 2006 to December 2008. TTSH is the major center for infectious disease referral in Singapore and treated about 37% of dengue public hospital patients in 2005. 14 The patients' medical records were retrospectively reviewed for demographic, serial clinical, laboratory, radiological, treatment and outcome data. These cases were either positive by real-time PCR 15 
Dengue classifications
Cases were categorized using serial clinical and laboratory data from the entire clinical course as DF, DHF or DSS using WHO 1997 classifications. 1 In addition, all cases were also categorized as dengue without warning signs, dengue with warning signs or severe dengue using WHO 2009 classifications. 2 
Admission criteria
Our admission criteria implemented in March 2007 included the following: platelet count ≤50 000/mm 3 , serum hematocrit ≥50%, blood pressure ≤90/60 mmHg, postural drop in blood pressure .20 mmHg, pulse ≥100/min, clinical bleeding (except petechiae), clinically unwell patients (in particular, severe abdominal pain, persistent vomiting), elderly patients with comorbidities (such as diabetes, hypertension, heart failure, cancer, stroke), and whether patients fulfilled our DHF predictive model. 17, 18 These criteria differed from WHO 1997 and 2009 guidelines 1,2 and the two published studies 12, 13 because they incorporated our DHF predictive model, which included a computerized predictive equation using clinical bleeding, lymphocyte proportion, serum urea and protein levels to generate an output of high vs low risk for DHF (see Supplementary Appendix A), 17 and a decision tree with three decision nodes of clinical bleeding, urea .4 mmol/l and protein ≤67 g/l. 18 Fulfillment of any one of the eight criteria was deemed appropriate for admission.
Statistical analysis
We modeled monthly dengue inpatients seen at TTSH from 2006 to 2008, removing the March 2007 implementation period, using the autoregressive moving average (ARMA) time series model to examine the mean change in the percentage of inpatients after the new criteria were implemented. The ARMA model correctly accounts for any autocorrelation in the data, as compared with simple models such as the linear regression model. It uses two parameters to describe changes in time: AR (autoregressive) and MA (moving average).
The Box-Jenkins method, which consists of the following steps, was used to determine the final model. 19 The correlogram and partial correlogram were used to generate preliminary estimates of the MA and AR coefficients of the model, respectively. Several models were considered, and the Akaike Information Criterion was used to select the most optimal model. The residuals of the final model were checked to make sure that they corresponded to white noise and were not autocorrelated.
In order to compare patient characteristics during the study period, the Kruskal-Wallis test was used to assess significance of continuous variables and x 2 or Fisher's exact test for categorical variables. The level of significance was set at 5%. All statistical analyses were performed using Stata 12 (Stata Corp., College Station, TX, USA). Interrupted time series analysis of monthly dengue hospitalizations 
Results
From
Characteristics of dengue inpatients
The demographic and clinical characteristics of dengue inpatients during the 3 years are summarized in Table 1 
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Characteristics of dengue outpatients
Comparisons among outpatients during the same time periods are summarized in Trend in outpatient and inpatient DHF and severe dengue We observed a significant increase in DHF inpatients, possibly because our new admission criteria incorporated our DHF predictive models. 17, 18 These models were based on our 2004 cohort during a predominantly dengue serotype 1 outbreak 6 and were recently validated in our 2007 predominantly dengue serotype 2 cohort. 20 Of note, we hospitalized more DHF patients with clinical fluid accumulation and severe dengue patients with bleeding after the new criteria were implemented, while allowing patients with milder signs such as hypoproteinemia to be managed on an outpatient basis. Additionally, our new admission criteria were associated with an increase of dengue inpatients with warning signs, which may be due to our admission criteria of severe abdominal pain and persistent vomiting.
Our study has several limitations. We were unable to obtain national data to allow comparison of dengue admission rates across all public hospitals, but our cost savings calculation was estimated based on publicly available information. 21 We did not make a direct before and after comparison as our new admission criteria did not result in an immediate reduction in hos- Additionally, we did not have dengue serotype data for our patients. The new criteria were introduced during the 2007 outbreak when there was a switch from dengue serotype 1 to serotype 2, 22 but the proportion of nationally notified DHF cases did not increase concurrently, 6 -8 nor was there a significant increase in severe dengue in our cohort. We also did not know which of our patients had secondary dengue infection, which has been cited as a risk factor for DHF/DSS, 23 since we did not have paired sera. In a 2005 study, 49 of 164 Singapore adults aged 18 -30 years were positive for at least one dengue serotype by plaque reduction neutralization assay. Of the 49, 37 (75.5%) were positive for two or more dengue serotypes. 24 Overall, our dengue admission criteria effectively and sustainably reduced adult dengue hospitalization at TTSH without adverse patient outcome but with significant associated cost savings and reduced demand for hospital beds. A small minority of mild DHF patients were managed without complications as outpatients. Our admission criteria were applied to adult dengue in Singapore and await validation in other countries and where pediatric dengue is prevalent.
